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Schiff bases have a variety of applications in biological, clinical, and pharmacological areas. The synthesis and application of Schiff bases and their coordination compounds have been highly considered in inorganic, organic and biological fields, since their structural properties similar to some of the biological systems. [1] [2] [3] [4] [5] [6] Additionally, tetradentate Schiff bases composed of N 2 O 2 donor atoms set have been recognized as a kind of important chelating ligands for designing medicinally and catalytically useful metal complexes. [7] [8] [9] The flexible coordination behavior of these types of chelating ligands could also be useful to generate interesting dimeric and polymeric structures as synthones for supramolecular chemistry. 10, 11) Usually, the N, O donor heterodentate Schiff bases can be derived by condensing the aldehydes/ketones with various amines or amino acids. 12, 13) N 2 O 2 Schiff base ligands derived from salicylald ehyde and diamine have been known. 14, 15) Dialdehydes and diketones with amines and amino acids have also been utilized to obtain a variety of N 2 O 2 Schiff base ligands. 16) Amino acids plays an important role in many physiological activities of the human body and also helpful in understanding biological functions of macromolecules such as proteins. 17) In particular, tryptophan (Trp)/histidine (His) analogues as promising candidates for novel antimicrobial therapeutics. In the recent years, a series of synthetic peptide analogues based on Trp-His and His-Arg (antimicrobial peptides) structural frameworks have been prepared and found to be active against several Gram-positive and Gram-negative bacterial strains as well as against fungal strains.
18) Furthermore, it is well known that the human body contains essential metaloelements which play important roles and interact with many biological molecules to fully understand the physiological functions by studying their chemistry coordination and behavior. 17, 18) In the present studies we have introduced an azomethine (Schiff base) linkage to tryptophan/histidine, which may permit a variety in their coordination behaviour and complexation role.
In previous studies, we have described the synthesis, catalytic and biological applications of Schiff bases and their metal complexes derived from o-phthalaldehyde (OPA) with various amines. [19] [20] [21] [22] [23] [24] [25] [26] [27] In this respect, we have also developed some useful macrocyclic Schiff bases and their metal complexes. Results from these studies have also shown that complexation of metals with Schiff base ligands serves to improve their antimicrobial activity. There are few other research groups also reported the importance of Schiff base chemistry of the combination of o-phthalaldehyde with amines. 28, 29) However, a careful literature survey reveals that Schiff bases from the combination of amino acids and o-phthalaldehyde and their coordination behavior towards the transition elements have yet not been studied. The combination of dialdehyde i.e. o-phthalaldehyde and aminoacids is expected to provide a new class of tetradentate N 2 O 2 donor ligands to design new coordination compounds with improved catalytic and biological activities. The present manuscript describes the synthesis, characterization and antibacterial activities of cobalt(II), nickel(II), copper(II), and palladium(II) complexes with the tetradentate N 2 O 2 Schiff bases derived using o-phthalaldehyde, aminoacids i.e., L-tryptophan and L-histidine. The ligands synthesized in this work can behave as dianionic tetra dentate donor groups. All the metal complexes have shown moderate to good antibacterial activity against Gram-positive and Gram-negative bacteria.
Experimental
All the chemicals used in this work were of analar grade. Solvents were purified and dried before use according to the standard procedures. The metal contents were determined by complexometric titration with ethylenediaminetetraacetic acid (EDTA) for cobalt. Nickel and palladium were determined by gravimetric procedure using dimethylglyoxime as precipitating agent and copper was determined by iodometric procedure. Elemental analysis (C, H, and N) was obtained using Perkin-Elmer elemental analyzer. The infrared spectra were recorded in KBr/Nujol on Perkin-Elmer-283 spectrophotometer in the range of 4000-200 cm Ϫ1 and electronic spectra in MeOH were obtained using Shimadzu UV-265 Spectrometer. 
KOH (0.32 g) was dissolved in methanol and methanolic solution of L-tryptophan (0.02 mol) was added to it. The mixture was stirred magnetically at room temperature for 1 h. When the mixture became homogeneous, a solution of o-phthalaldehyde (0.01 mol, 1.32 g) in methanol (20 ml) was added. After 2 h yellow crystals were appeared. The crystals were filtered and washed with ethanol and recrystallized from hot methanol. The crystals were suction filtered washed with diethyl ether and dried in vacuum. The product was found to be TLC pure in 7 : 3 mixtures of methanol and chloroform.
2-({(E)-1-[2-({[1-Carboxy-2-(1H-5-imidazolyl)(ethyl]imino}methyl) phenyl]methylidine}amino)-3-1H-5-imidazolyl)propanoicacid
(CIM-PAP) (L 2 ) L(ϩ) histidine (0.02 mol) dissolved in MeOH (10 ml) was added slowly with constant stirring to an alcoholic solution (20 ml) containing KOH. The solution was stirred for 1 h and filtered. To the filtrate o-phthalaldehyde (1.32 g, 0.01 mol) dissolved in MeOH (20 ml) was added drop wise with constant stirring. The resulting yellowish solution was evaporated under reduced pressure and kept at room temperature for 1 d. The yellow precipitate was filtered, washed with cold alcohol and ether then crystallized twice from methanol. The crystals were suction filtered, washed with diethyl ether and dried in vacuum. The product was found to be TLC pure in 6 : 4 mixtures of ethyl acetate and n-hexane, tested in perpendicular directions.
General Procedure for Synthesis of Metal Complexes A solution of cobalt(II) acetate, nickel(II) acetate, copper(II) acetate and palladium(II) chloride (0.002-0.005 mol) in methanol (25 ml) was added drop wise to a methanolic solution (30 ml) of Schiff base (0.002-0.005 mol) and stirred at room temperature with constant stirring. The resulting mixture was allowed to reflux on a water bath for 2 h until a solid is separated out. The precipitates were suction filtered, purified by repeated washing with chloroform and methanol and dried in vacuum desiccators (yieldϭ75-85%).
Results and Discussion
The analytical data and the physical properties of the complexes are listed in . In addition, all these compounds (except Pd(II) complex) showed a single peak in ESI-MS suggesting the purity of the ligands and their metal complexes. The MS data is in good agreement with the proposed molecular formulae. The low molar conductance values of all the complexes in dichloromethane measured at 10 Ϫ3 M concentration are in the range of 9-17 indicate that all the complexes behave as non-electrolytes. 30) The general strategy for the synthesis of Schiff base ligands and their metal complexes is illustrated in Chart 1.
Infrared Spectra The infrared frequencies of the Schiff base ligand and its Co(II), Ni(II),Cu(II) and Pd(II) complexes are given in Table 2 . All the complexes exhibit broad bands in the 3440-3590 cm Ϫ1 range and this may be attributed to the presence of coordinated or lattice water molecules. A strong IR absorption band observed in the free Schiff base around 1615-1630 cm Ϫ1 , assignable to the n(CϭN) stretching vibration, was shifted to lower wave numbers by 15-20 cm Ϫ1 upon coordination. This feature indicates that the imino nitrogen is coordinated to the metal ion. Further, the n asym (COO Ϫ ) absorption of ligands was shifted to higher frequency in the 1575-1590 cm Ϫ1 range and the n sym (COO Ϫ ) was shifted to lower frequency in the 1340-1386 cm Ϫ1 range in the respective spectra of complexes. The shift observed for both n asym (COO Ϫ ) and n sym (COO Ϫ ) visualizes the coordination of carboxyl oxygen to the metal ions along with imino nitrogen atom. 31) In the low frequency regions, bands detected around 520-535 cm Ϫ1 ranges are assigned to M-N (imino nitrogen) and the bands at 420-460 cm Ϫ1 ranges are assigned to M-O (carboxylato oxygen atom).
20-27,32)

H-NMR Spectra
The NMR spectra of the Schiff base ligands and Pd(II) complexes were shown in Table 3 . In the free Schiff base spectra the signals were appeared in the range of 8.18-8.20 ppm due to (HCϭN) protons. 24) However in the spectra of Pd(II) Schiff base complexes, the signals were observed in the up field regions of 8.28-8.30 ppm supporting the coordination of imino nitrogen atom to Pd(II). 25) While the free ligands NMR spectra have a characteristic NMR signal for carboxyl group proton in the 10.17-10.88 ppm range, the disappearance of this signal in the 1 H-NMR spectra of Pd(II) complexes indicating the involvement of carboxylate ion oxygen in chelation through deprotonation. There is no appreciable change in the peak position corresponding to NH and aromatic protons. 
19-27)
Electronic Spectra The Co(II) complex exhibited well resolved bands at 1040-1090, 518-540 nm and a strong high energy band at 426-494 nm and are assigned to transitions, 4 T 2g ← 4 T 1g (F) (n 1 ), 4 A 2g ← 4 T 1g (F) (n 2 ) and 4 T 1g (P)← 4 T 1g (F) (n 3 ) for a high spin octahedral geometry.
19) The magnetic susceptibility measurements for the solid Co 20) The magnetic susceptibility measurements of Cu(II) complexes is 1.92-1.93 BM, which suggests the presence of one unpaired electron with square-planar configuration. Furthermore, the electronic spectra of the Pd(II) complexes exhibit bands in the regions of 690-600, 555-450 and 410-370 nm, but all these three were not observed in most of the complexes. The Pd(II) complexes prepared have been found to show a broad d-d transition band in the region of 480-465 nm assignable to 1 B 1g ← 1 A 1g transition typical for the square planar geometry. 25, 26) Magnetic susceptibility measurements show these complexes to be diamagnetic, confirmed by sharp signals in the 1 H-NMR spectra. Thermal Analysis The thermograms of all the Co(II), Ni(II) complexes show three stages of decomposition, the first two corresponding to loss of water molecules and the third corresponding to decomposition of the complex with the loss of organic moiety. 19, 21) The thermograms of Co(II)/Ni(II) complexes show initial weight loss in the temperature range of 90.4-104°C also the differential scanning calorimetry (DSC) curve of these complexes show an endothermic peak in the above temperature range further giving evidence for the presence of water molecules. The loss of water molecules in this temperature range indicates that they are present as lattice-held water.
33) The second stage corresponds to the loss of water molecules in the temperature range of 160-195°C corresponding to the loss of coordinated water molecules. The presence of endothermic peak at 175-200°C in DSC curve of the complex also further confirms the presence of coordinated water. The third stage weight loss show in the temperature range of 245-275°C corresponds to the loss of organic moiety. 34) The thermograms of Cu(II) complexes show only two stages of decomposition. The first stage of the thermogram corresponds to the dehydration of water molecules and the second stage for the loss of organic moiety. 20) The thermal data of Pd(II) complexes indicate no coordinated water molecules. The sharp decomposition corresponding to the loss of organic moiety in complexes can be seen in the differential thermal analysis (DTA) curves which contain one short exothermic peak falling in the range of 258-286°C. 25) The final product of decomposition of all the complexes above 680°C corresponds to metal oxide.
ESR Spectra 35, 36) Antibacterial Activity Antibacterial activities of Co(II), Ni(II), Cu(II) and Pd(II) complexes were studied along with the metal salts (cobalt(II) acetate, nickel(II) acetate, copper(II) acetate, and palladium(II) chloride), metal free ligands and two existing antibacterial drugs viz., streptomycin and ampicillin. Preliminary screening for all the metal salts, metal free ligands and complexes were performed at the fixed concentration of 1000 mg/ml. Based on the obtained values of the relative zone inhibition, [37] [38] [39] [40] [41] [42] [43] of the two ligands such as CEIMAP and CIMPAP and their complexes were found to be very effective (Table 4) than ligand free metal acetates and chlorides. Inhibition was recorded by measuring the diameter of the inhibition zone at the end of 24 h for bacteria. The metal complexes showed more increased activity than corresponding ligands and ligand free metal salts. The minimum inhibitory concentrations (MIC) of all these complexes were also verified by the liquid dilution method in which the effectiveness was observed at lower concentrations. [37] [38] [39] [40] [41] [42] [43] The comparison of the MICs (in mg/ml) of all complexes and standard drugs against tested strains are presented in Fig. 1 . It was found that Co(II), Ni(II), Cu(II) complexes have good activity against all bacterial strains with MIC value (10-22.5 mg/ml). In particular, Pd(II) complexes showed excellent activity (MIC range 2.5-12.5 mg/ml) against all the bacterial strains even than standard drugs streptomycin and ampicillin. The antibacterial activity of ligands and their complexes is due to the presence of indole and imidazole moieties in them. Furthermore results from these studies have also shown that complexation of metals to CEIMAP or CIMPAP ligands serves to improve the antimicrobial of the ligands (results from Table 4 ). This higher antibacterial activity of the metal complexes compared to ligands is may be due to the change in structure due to coordination and chelating tends to make metal complexes act as more powerful and potent bactereostatic agents, thus inhibiting the growth of the bacteria. Furthermore, chelation reduces the polarity of the metal ion mainly due to the partial sharing of its positive charge with the donor groups within the chelate ring system. Such chelation increases the lipophilic nature of the central metal atom, which favors its permeation more efficiently through the lipid layer of the microorganism, thus destroying them more forcefully. 23, 44) 
Conclusion
The combination of o-phthalaldehyde and amino acids has been used to develop some new tetradentate N 2 O 2 Schiff base ligands and consequently their metal complexes. The tetradentate behavior i.e. involvement of both imino nitrogen and carboxy oxygens of these Schiff bases was confirmed by IR and NMR spectroscopic measurements. The octahedral and squareplanar geometries of the complexes were further confirmed by electronic spectroscopic and magnetic measurements data. ESR spectroscopic measurements were monitored to explain the covalent nature of the complexes synthesized. These complexes were found to be effective antibacterial agents than commercial streptomycin and ampicillin drugs. However, the method of action of these compounds is unknown. We assumed yet the potent activity of ligands and their complexes is may be due to the presence of indole and imidazole moieties in them. Table 4 ).
